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Abstract 
This paper describes the authors’ continued efforts toward the development, calibration, validation and application of 
a large-scale, agent-based model of the Buffalo-Niagara metropolitan area. The model is developed using the 
TRansportation ANalysis SIMulation System (TRANSIMS), an open-source, agent-based suite of transportation 
models originally developed by Los Alamos National Lab (LANL). Following the network error-checking, 
calibration and validation phases of the model development cycle, the model was used to evaluate the impact of 
significant snow storm events on the performance of surface transportation network.  This was done by modifying the 
behavior of the agents (i.e. the drivers) in the model to reflect more conservative driving behavior and vehicle 
dynamics limitations (such as maximum acceleration and deceleration) imposed by the impaired road surface 
condition. The study demonstrates that the development of regional agent-based models is technically feasible, but 
one that requires significant efforts in terms of network accuracy checking, model calibration and validation.  
Moreover, it is shown that inclement weather events reduce the ability of transportation networks to handle the travel 
demand, which in turn underscores the importance of effective travel demand management during such events. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
Computer simulation of traffic and transportation systems provides an effective and risk-free platform 
to investigate the nature of transportation systems from different perspectives and for a wide range of 
applications (e.g. traffic state estimation, proposed design changes evaluation, emission modeling, etc.).  
As a result, the topic has been attracting increased attention from both practitioners and researchers since 
the 1950s when Gerlough first utilized a general-purpose discrete variable computer to simulate freeway 
traffic [1]. Recently, traffic simulation models have become much more sophisticated, compared to their 
earlier predecessors.  This increased sophistication is in at least three different areas: (1) the modeling 
methodology applied; (2) the level of detail; and (3) the scope of the transportation system modeled.  
In terms of modeling methodologies, while earlier simulation models were based on macroscopic 
relationships among the key parameters of traffic flow (i.e. flow, speed and density), nowadays and 
thanks to the recent advances in computer hardware and software, a truly microscopic, agent-based 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
816   Yunjie Zhao and Adel W. Sadek /  Procedia Computer Science  10 ( 2012 )  815 – 820 
modeling approach, based on either car-following or cellular automata models, is quite feasible. With 
respect to the level of detail, state-of-the-art traffic simulators track travel on a person-by-person, and 
second-by-second (and even a fraction of a second) basis.  They also model such details as lane 
channelization, lane connectivity, the operations of traffic signals, etc.  Finally, from the viewpoint of the 
scope or scale of the transportation systems modeled, whereas historically, the majority of microscopic 
traffic simulation models focused on small-scale networks, a handful of recent studies have attempted 
developing large-scale microscopic or agent-based models of regional transportation networks (i.e. the 
network of a metropolitan area or a given city).  Examples of such studies include [2]; [3]; [4]; [5]; [6]; 
[7]; [8]; and [9].  As pointed out by [6], regional, agent-based models of traffic and transportation system 
could have several currently-untapped applications such as developing routing strategies for a 
transportation network in case of evacuations and other emergencies; evaluating system-wide 
transportation system performance for a wide range of scenarios and special events; and assessing the 
environmental benefits of transportation improvement programs when linked to emissions models.  
2. Purpose & Scope 
This paper describes the authors’ continued efforts toward the development, calibration, validation and 
application of a large-scale, agent-based model of the Buffalo-Niagara metropolitan area, located at the 
eastern end of Lake Erie in Western New York State.  The model is developed using the TRansportation 
ANalysis SIMulation System (TRANSIMS), an open-source, agent-based suite of transportation models 
designed to provide a number of capabilities that go beyond the traditional “four-step” modeling process, 
a process which still constitutes the foundation of transportation planning practice in the U.S. despite its 
well-acknowledged limitations.   The primary objective of the paper is thus to summarize the authors’ 
experience, challenges and lessons learned in the process, and to demonstrate an application of regional, 
agent-based models which, to the best of our knowledge, has not been undertaken before due to the lack 
of accurate models and supporting data.  That application involves evaluating the performance of a 
regional transportation network performance during a significant snow storm event, and determining the 
maximum demand which the network can sustain under such an impaired condition. 
TRANSIMS, which was initially developed by Los Alamos National Lab (LANL), has four functional 
components or modules: (1) Population Synthesizer; (2) Activity Generator; (3) Router; and (4) Micro-
simulator.  The model begins by creating a synthetic population based on census and land use data.  The 
Activity Generator then creates an activity list for each synthetic traveler, based on a classification tree 
built from survey trip diary data.  The Router then computes combined route and mode trip plans to 
accomplish the desired activities.  Finally, the Micro-simulator simulates the resulting traffic dynamics 
using a cellular automata model, yielding detailed, second-by-second trajectories of every traveler in the 
system over a 24-hour period.  While TRANSIMS is designed to allow for using an activity-based 
approach to transportation demand modeling (using its Population Synthesizer and Activity Generator), 
the model’s Router and Micro-simulator modules can still be applied using standard trip tables.  This 
study follows the latter approach, which uses standard trip tables, along with information about the 
diurnal distribution of trips in order to generate the activity list or trip plans.   
3. Model Development, Calibration and Validation 
3.1. Network Scope 
Work on the development of the Buffalo-Niagara TRANSIMS model took place in two phases.  The 
first phase, which was completed in 2009, was conducted by a research team from the Volpe National 
Transportation Systems Center.  Because of the extremely labor intensive nature of the network 
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development and debugging process, only a small sub-network 
(see Figure 1) was modeled in great detail in TRANSIMS 
micro-simulator by the Volpe study.  The Router, however, was 
implemented for the whole region. In 2009, a subsequent study 
was undertaken by University at Buffalo (UB) researchers to 
build on the Volpe’s model and further extend the scope of the 
micro-simulated area.  This second phase is what is described 
in the current paper.  Figure 1 also shows the extended micro-
simulator subarea scope.  Specifically, the expanded sub-
network covers a 756 kilometer square (292 mile square) area, 
and is made up of 2185 nodes and 3037 links. Approximately 
1.6 million trips (after calibration) are generated and simulated 
during a 24-hr period. This makes the area among the largest 
networks reported in the literature to be micro-simulated using 
a detailed agent-based model. 
3.2. Network Development, Refinement and Error-checking 
The TRANSIMS suite of models includes a routine, called 
TransimsNet, which is designed to aid in the migration from a 
four-step transportation planning network (which basically is a link-node database) to a TRANSIMS 
network which naturally has to contain much more detailed information about the transportation network 
geometry and configuration.   TransimsNet employs default logic to generate the additional required 
information (e.g. where to place signals and stop signs, where to add pocket lanes, how the lanes connect 
at an intersection).  In many cases, and especially at complex intersections, the results from the 
TransmisNet generated network may not agree with the real-world situation.  This in turn may lead to 
problematic areas and even traffic gridlock, and has to be fixed manually in a rather labor intensive 
process which involves comparing coded intersections to aerial photographs of the modeled area. 
In this study, extensive efforts were dedicated to checking errors in network configurations to ensure 
that the simulation model is reflective of reality as much as possible. Aside from the standard approach of 
comparing satellite imagery to the coded network, we used three other effective approaches, which 
depended primarily on values calculated from TRANSIMS numerous output files, to quickly pinpoint 
potential bottleneck and grid lock locations. Specifically, the three approaches involved identifying those 
links with: (1) extensive queue lengths throughout the 24-hr span; (2) low speeds throughout the 24-hr 
span; and (3) low hourly speed ratio (compared to free flow speed) during non-rush hour.  The 
intersections of the identified links were then carefully examined against satellite imagery, and any 
detected problems fixed.  Observing the output from the TRANSIMS visualizer, which is capable of 
animating the vehicle snapshots files generated by the model, provided another very useful tool in 
identifying problematic areas and fixing them.  
3.3. Calibration and Validation 
Calibrating and validating traffic simulation models generally involve comparing the simulated model 
volumes to real-world field counts to either adjust model parameters or to validate the model results 
before application.  In this study, a total of 162 hourly count station volume data were used in the 
calibration and validation processes. However, the excessive computational requirements of running the 
Buffalo-Niagara TRANSIMS model (it actually took more than 30 hours for a dual-core desktop to 
complete a simulation run of the model) precluded the use of parameter calibration procedures, like 
genetic algorithm or other kinds of heuristic approaches, which historically have been used to help 
calibrate microscopic simulation models [6]. Moreover, with heuristic approaches, calibrated parameter 
Fig. 1 Original and Expanded Micro-simulation 
Subarea of Buffalo and Niagara Region
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Table 1 MAE Comparison between Field and Simulation 
Hr Field Simulation MAE 
8 102009 91827 10% 
9 100874 106302 5% 
16 114617 107494 6% 
17 125962 123089 2% 
18 126661 120440 5% 
19 96056 99665 4% 
20 74224 73728 1% 
SUM 1528298 1514125 22% 
values lack a true explicit physical meaning and multiple sets of values for those parameters could yield 
similar results. Given the aforementioned limitations, our approach in this study focused on a high-level 
calibration process that strived to get the model results closer to real-world observations. 
Initial runs of the model revealed that nearly 20% trips were labeled as incomplete or lost trips. In 
TRANISMS, lost trips are those that fail to reach their destinations within a certain allowable period of 
time.  Lost trips can be further classified, based upon the type of the problem that led to them being lost, 
into: (1) trips that waited too long at intersections; (2) trips that could not depart within the desirable time 
window for the trip start; and (3) trips that could not arrive at the destination within the desirable time 
window.  The fact that a significant percentage of trips were being lost, seemed to indicate that the total 
demand, which was originally based on an Origin-Destination (O-D) household survey, was too high or 
that the daily distribution of demand (i.e. the diurnal distribution) was not realistic.  An additional factor 
that resulted in lost trips is the fact that in a large-scale transportation model, the local or residential 
streets are typically not included or modeled.  This results in a network capacity that is less that the real-
world capacity especially if there is a large fraction of trips that use the local street network (we have 
actually conducted some experiments that confirm this hypothesis).   
Given the large fraction of lost trips and the exclusion of local roads from the model, the study 
proceeded to calibrate both the diurnal distribution and the total demand. The diurnal distribution was 
calibrated based on the total number of hourly counts from all the stations, while the traffic demand was 
calibrated by systematically applying a reduction factor, and comparing the total hourly simulated counts 
to the field counts.  After several trials, we found that loading 77% of the originally assumed demand 
resulted in 99.9% trips being completed, and in simulated volumes that closely matched the field counts. 
Figure 2 compares the hourly trip distribution before the calibration of demand and diurnal distribution 
and afterwards. 
Fig. 2 (a) Field vs. Simulation before Diurnal Distribution Calibration (b) After the calibration 
For validation, previous research (1), (2) 
have suggested numerous measures based on 
comparing simulated and field counts, 
including percentage error, T-test, U-statistic, 
Regression, GEH statistic and mean absolute 
error (MAE). Among those, regression 
analysis appears to be the most suited for 
validating large-scale simulation models 
because it is not as sensitive to volume 
variations as other statistics. In this study, 
both regression analysis and the MAE 
method were used. MAE was calculated as in 
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Equation (1) below, whereas regression was conducted for both the hourly volume and cumulative 
volume for the entire subarea (i.e. utilizing data from all 162 count stations). 
MAE = ABS (Field Count – Simulation Count)/Field Count   Equation (1) 
The validation results were quite promising.  Table 1 shows the MAE values for select hours during 
the day.  As can be seen, the simulation model performed quite well (MAE < 10%) during both morning 
and afternoon rush hours. (8:00-9:00, 15:00 – 20:00). Overall, the average MAE, averaged over the 24 
hours of the day, equaled to 22%, because as expected the MAE was higher for hours with low volume 
counts on an hourly basis given as Table 3. For regression, the coefficient of correlation, R2 was equal to 
0.958 for the hourly volume and to 0.998 for the cumulative volume.  Additional volume comparisons 
were performed for individual links; these are not included here because of space limitations. 
4. Model Application: Transportation System Performance during a Lake-effect Snow Storm 
The Buffalo-Niagara area is well-known for its lake-effect snow storms that sometimes overwhelm 
winter maintenance and snow plowing operations. Such events often have a significant impact on the 
transportation system performance as a result of slower traffic speeds and reduced capacities resulting 
from limited visibility and traction, lane blockages, conservative driving behavior, and vehicle dynamics 
limitations (i.e. acceleration and deceleration rates).  In a recent study, the authors quantified the impact 
of snow events on freeway speeds, and also studied how to best calibrate the Cellular Automata (CA) 
traffic simulation model used within TRANSIMS to better reflect the impact of snow events on driver 
behavior.  Among the CA model parameters that needed to be adjusted for inclement weather are: (1) the 
maximum acceleration and deceleration rates; (2) the slowdown probability and percentage; (3) driver 
reaction time; and (4) look ahead distance, lane and time factors (see reference (3) for more details).   
In this study, the aforementioned parameters of the micro-simulator CA model were modified to 
represent modified driving behaviors and vehicle dynamics under the weather impact, based on the 
insights gained from our previous work.  The model was then run to evaluate the system performance of 
the transportation network during significant snow events.  Specifically, we were interested in 
determining: (1) whether the impaired network would be able to sustain the normal weather travel 
demand; and (2) the likely increase in average travel time within the micro-simulated area.  The results 
are summarized in Figure 3, where it can be seen that during the snow storm event, there were around 
90,000 trips that could not be completed (i.e. lost trips in TRANSIMS) because of excessive waiting or 
failing to reach their destination within the allowable time window.  It can also be seen that the network 
was only able to accommodate around 88% of the normal weather demand.  This underlines the 
importance of implementing travel demand management procedures, which strive to cut down on demand, 
during inclement weather in order to maintain acceptable performance levels of the network. Figure 3 also 
shows that that inclement weather has resulted in an increase in the average trip travel time from 9.48 
minutes under normal weather conditions to around 13.50 minutes.  This in turn points out to the benefits 
of real-time traveler information provision so that travelers could plan accordingly.  
Fig. 3 Number of Incomplete Trips and Average Travel Time for 100%, 95%, 90% and 88% Demand Respectively. 
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5. Conclusions 
This paper has briefly described the error checking, calibration and validation stages of the deployment 
process for a large-scale agent-based model (i.e. TRANSIMS) of the Buffalo-Niagara metropolitan area.  
The model was then utilized to evaluate the performance of the transportation network during significant 
snow events.   With respect to the model development phase of the study, the study’s main conclusions 
are that: (1) it is technically feasible to develop regional, agent-based models of surface transportation 
networks; (2) extensive efforts are required to make the simulated network as realistic as possible in terms 
of network configuration, lane connectivity, pocket lane and signal locations of the model; and (3) 
calibrating the demand and the diurnal distribution plays a significant role in improving simulation 
accuracy.  With respect to the inclement weather case study, it may be concluded that inclement weather 
events reduce the ability of transportation networks to handle the travel demand (e.g. in our case study, 
the network was only able to accommodate 88% of the typical traffic demand is sustainable under 
inclement weather simulation settings with well-tuned parameters (moderate snow).  This underscores the 
importance of effective travel demand management during such events. 
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